Pseudomonas spp.) occurring in the soil Konopiński 2014a,b, Patkowska et al. 2016) .
The purpose of the studies was to determine the effect of cover crops (oats, tansy phacelia and vetch) used in the cultivation of carrot on the fungi population in the soil. Moreover, the antagonistic effect of Clonostachys spp., Myrothecium spp., Penicillium spp. and Trichoderma spp. towards selected fungi pathogenic to carrot was established.
MATERIAL AND METHODS
Fieldwork. The field experiment was conducted in the years 2010-2012 at the Felin Experimental Station belonging to the University of Life Sciences in Lublin, district of Lublin (22°56'E, 51°23'N, Central Eastern Poland, 200 m a.s.l.), on grey brown podzolic soil made of loess formations lying on chalk marls with the mechanical composition corresponding to silty medium loams. The object of the studies was the soil sampled each year from a depth of 5-6 cm of the plough layer of the field where carrot (Daucus carota L.) cv. Flakkee 2 was cultivated. Four soil samples taken from four different interrows of a given plot (i.e. from 16 places for each experimental combination) made up the non-rhizosphere soil. In sterile laboratory conditions the soil samples from the same experimental combination were mixed, then weighed in the quantities of 10 g and prepared for further analyses (4 repetitions for each experimental combination). The experiment took into consideration cover crops such as oats, tansy phacelia and vetch. The conventional cultivation, i.e. without any cover crops, was the control. The experiment was established in a split-plots scheme, in four replications.
Laboratory analyses. Microbiological analysis was made according to the methods described by Czaban et al. (2007) and Patkowska and Konopiński (2014a) . The soil was sampled from each experimental treatment from four randomly chosen places. Martin's medium was used to establish fungi number. After the incubation, the number of fungi was converted into CFU/g of soil DW (colony forming units/g dry weight of soil).
In each studied year, all fungi isolates from the genera of Clonostachys, Myrothecium, Penicillium and Trichoderma, obtained from particular experimental treatments, were used to establish their antagonistic effect towards such fungi as Altenaria dauci, Alternaria radicina, Fusarium oxysporum, Rhizoctonia solani and Sclerotinia sclerotiorum (isolated from the infected carrot roots). The effect of these saprotrophic fungi on the studied pathogenic fungi was estimated using the method described by Mańka and Mańka (1992) . The individual antagonistic effect was determined on the basis of the scale provided by Mańka and Kowalski (1968) and the total antagonistic effect was calculated.
Statistical analysis. The population of fungi was statistically analysed, and the significance of differences was determined on the basis of the Tukey's confidence intervals (P < 0.05). Statistical calculations were carried out using the Statistica program, version 6.0 (StatSoft, Krakow, Poland).
RESULTS AND DISCUSSION
The mean population of fungi obtained as a result of the microbiological analysis of the soil taken from particular experimental treatments ranged from 38.38 × 10 3 to 92.1 × 10 3 CFU/g of soil DW (Figure 1 ). The smallest population of fungi was obtained after using oats in carrot cultivation. Tansy phacelia and vetch as cover crops were more conducive to the development of fungi in the soil. The total population of fungi in 1 g of soil DW after using those plants was 62.43 × 10 3 The positive effect of oats, tansy phacelia and vetch on decreasing the population of fungi occurring in the soil environment in the cultivation of scorzonera, root chicory and salsify was confirmed by Konopiński (2013b, 2014b,c) . Studies conducted by Patkowska et al. (2016) showed that other species of cover crops (rye, white mustard, buckwheat and sunflower) can also limit the development of soil-borne fungi in the cultivation of carrot. Laboratory tests made possible to determine the population of soil-borne fungi that are antagonistic towards the studied phytopathogens. Regardless of the experimental treatment, the greatest population of antagonistic fungi was found within genus Trichoderma (Figure 2 ), slightly smaller in Clonostachys spp. and Myrothecium spp., and the smallest in Penicillium spp. Antagonistic fungi most frequently occurred in the soil after using oats (245, 109 and 288 isolates, respectively), and the most rarely in the control (21, 19 and 34 isolates, respectively). Tansy phacelia and vetch used in the cultivation of carrot also caused an increase of the population of antagonistic soil-borne fungi species as compared to the control. An increased population of antagonistic soil-borne fungi species was also observed in the cultivation of scorzonera and root chicory where cover crops were used Konopiński 2014b, Patkowska et al. 2015) . Vol. 64, 2018, No. 2: 58-63 Plant Soil Environ.
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The studied antagonistic fungi isolated from the soil after using oats were the most effective in limiting the growth of S. sclerotiorum, A. dauci and A. radicina. The values of their antagonistic effect Patkowska and Konopiński (2014b) in the cultivation of scorzonera where cover crops were used. Banaay et al. (2012) , Teshome et al. (2013) and Krauss et al. (2013) report that the ability of Trichoderma spp., Clonostachys spp. and Penicillium spp. to inhibit the growth and development of plant pathogens is based on antibiosis, competition and parasitism. 
